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Abstract
Recently, many enterprises have incorporated reverse logistics into conventional forward-only logistics to form a closed-loop
supply chain. Within such a loop, the logistics between the distribution/collection center and the customers is the most
complicated part because it is related to a bi-directional logistics for delivery and pickup activities. After investigating their 
uncertainty properties and complexities in finding solutions, this study, based on the fuzzy credibility theory, proposes a chance 
constrained programming (CCP) model to describe a fuzzy flexible delivery and pickup problem with time windows
(FFDPPTW).
In the meantime, some test problems are generated by revising the well-
for the vehicle routing problem with time windows. Cplex software is used to try to solve these problems. Three credibility 
confidence levels (0.5, 0.8, and 1.0) are implemented to get different results for different types of decision makers. The
preliminary results reveal the phenomenon: the higher the confidence level is required, the larger the cost is paid. This
observation facilit
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1. Introduction
As global resources rapidly decreasing, the introduction of reverse logistics may significantly reduce the cost of 
enterprises have incorporated reverse logistics into conventional forward-only logistics to form a closed-loop supply
chain, see Wang and Hsu [1]. A state of the art survey of reverse and close-supply chains can be found in Ilgin and
Gupta [2]. Within such a loop, the logistics between the distribution/collection center and the customers is the most
complicated part because it is related to a bi-directional logistics regarding delivery and pickup activities. In 
literature, such problems have been referred to as delivery and pickup problems (DPPs).
The DPP has been widely applied. For example, it is frequently encountered in the distribution system of grocery 
store chains. Each grocery store may have a demand for both delivery (cf. fresh food or soft drinks) and pickup (cf.
outdated items or empty bottles). The foundry industry is another example studied by Dethloff [3]. Collection of 
used sand and delivery of purified reusable sand at the same customer location are carried out. For more realistic
applications, this paper further investigates a more general situation, called the fuzzy flexible delivery and pickup
problem with time windows (FFDPPTW). 
This paper is organized as follows. Section 2 reviews the literature related to the issues in interest. Section 3
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develops a Chance Constrained Programming model for it. Section 5 provides preliminary results of Cplex software. 
Finally, the conclusions are drawn in Section 6.  
2. Related Work 
The delivery and pickup problem (DPP) was developed from the vehicle routing problem (VRP). The VRP 
originally focused on how to dispatch a group of vehicles to serve a group of customers with a given demand when 
the minimum operational cost is desired. In the delivery and pickup problems (DPP), vehicles are required not only 
to deliver goods to customers but also to pick some goods up at customer locations. It can be regarded as that two 
types of customers are served from a single depot by a fleet of vehicles. The first type of customers is known as 
ecific locations. The second type is known as 
Parragh et al. [4].  
There are three main strategies for the DPP: (1) delivery-first, pickup-second; (2) mixed deliveries and pickups; 
and (3) simultaneous deliveries and pickups. This study focuses on the second strategy: mixed deliveries and 
pickups strategy. Linehauls and backhauls can occur in any sequence on a vehicle route (Tütüncüa et al. [5]). This 
strategy releases the constraints that pickups are only accepted after finishing all deliveries. When there are no 
difficulties in rearranging the load on the vehicle, this strategy is more attractive to backhaul customers and 
enterprises. The satisfaction of backhaul customers can be higher since they can be served earlier. Moreover, the 
enterprises can save the transportation cost since the sequence of deliveries and pickups can be arranged in a more 
economical way. In the literature, this kind of problem was named the mixed vehicle routing problem with backhaul 
(MVRPB). 
In order to provide more satisfactory services, nowadays, enterprises have allowed customers to request their 
goods being delivered or picked up within specific time windows. Such consideration extends the MVRPB into the 
mixed vehicle routing problem with backhaul and time windows (MVRPBTW), see Kontoravdis and Bard [6] and 
Zhong and Cole [7].  
Due to the advantage of flexible delivery and pickup with MVRPBTW, further improvement on reducing the 
operation cost has been carried out. One issue is how to reduce the accessing time when a simultaneous delivery and 
pickup at the same customer location occurs. Dethloff [3], Chen and Wu [8], Montané and Galvao [9], and Wang 
and Chen [10] have suggested that the accessing time can be reduced by performing a simultaneous delivery and 
pickup. This possibility was adopted and evaluated by Wang and Chen [11], of which a new model was developed 
to realize time saving from simultaneously performing delivery and pickup while the flexibility of mixing pickup 
and delivery operations is remained. This kind of problems was called the flexible delivery and pickup problem with 
time windows (FDPPTW). 
Above models were all deterministic models and all the factors involved in the models must be known exactly. 
Unfortunately, real world is often uncertain. There are cases that the imprecision/uncertainty concerning demand, 
service time, and traveling time must be taken into account. Fuzzy set theory has provided efficient and meaningful 
concepts and methodologies to formulate and solve mathematical programming and decision making problems of 
real world (Dong and Kitaoka [12]).  
Furthermore, chance constrained programming model was frequently used to formulate fuzzy vehicle routing 
problems (Maekly et al. [13], Cao and Lai [14], Peng and Qian [15], and Cao and Lai [16]). Through this model, a 
decision maker can choose a confidence level to plan or determine the best alternative after comparing different 
planning results under different confidence levels. Therefore, the decision maker not only can take part in the 
decision process; but also can evaluate the results with confidence.  
In this paper, we propose a fuzzy flexible delivery and pickup problem with time windows (FFDPPTW). The 
deterministic case of the FFDPPTW, the FDPPTW, is NP-hard (Wang and Chen [11]). The FDPPTW is polynomial 
time reducible to the FFDPPTW by setting all lower bounds and upper bounds of fuzzy numbers equal to their 
medians; therefore the FDDPPTW is also NP-hard. To facilitate the development of solution procedure, the 
FFDPPTW is formulated into a chance constrained programming (CCP) model based on the fuzzy credibility theory. 
Cplex software is then used for solving it.  
3. Fuzzy Credibility Measure 
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All figures should be numbered with Arabic numerals (1,2,...n). All photographs, schemas, graphs and diagrams 
are to be referred to as figures. Line drawings should be good quality scans or true electronic output. Low-quality 
scans are not acceptable. Figures must be embedded into the text and not supplied separately. Lettering and symbols 
should be clearly defined either in the caption or in a legend provided as part of the figure. Figures should be placed 
at the top or bottom of a page wherever possible, as close as possible to the first reference to them in the paper. 
In this section, some basic concepts in fuzzy measure theory are introduced briefly. First, the axioms of 
possibility measure theory proposed by Liu [17] are introduced. These axioms form the basis of Credibility Measure 
Theory. In order to deal with fuzziness, Zadeh [18] suggested a possibility measure and Nahmias [19] proposed the 
related axioms to characterize the concept. They are briefly introduced below:  
Let  be a nonempty set, and let P( ) be the power set of . Each element in P( ) is called an event, and  is an 
empty set. In order to present an axiomatic definition of possibility, it is necessary to assign a number Pos{A} to 
each event A, which indicates the possibility that A will occur (Nahmias [19]).  
 
Axiom 1. (Normality Axiom) Pos{ } = 1. 
Axiom 2. (Nonnegativity Axiom) Pos{ } = 0. 
Axiom 3. (Maximality Axiom) For every sequence of events { iA }, we have 
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Unfortunately, possibility measure does not obey the law of truth conservation and is inconsistent with the law of 
excluded middle and the law of contradiction. In order to overcome the shortage of possibility measure, Liu and Liu 
[20] presented a credibility measure which is a combination of possibility measure and necessity measure. 
 
Definition 4. Dubois [21]. For every event A, the necessity of event A is defined as 
}.{1}{ cAPosANec  (2) 
 
Definition 5. Liu and Liu [20]. For every event A, the credibility of event A is defined as 
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Credibility measure obeys the law of truth conservation and is consistent with the law of excluded middle and the 
law of contradiction. Obviously, a fuzzy event may not hold even though its possibility approaches 1 and such an 
event may hold even though its necessity is 0. However, a fuzzy event must hold if its credibility is 1, and it must 
fail if its credibility is 0. The credibility measure is self-dual, and in the theory of fuzzy subsets, the law of 
credibility plays a role similar to that played by the law of probability in measurement theory for ordinary sets. 
4. Problem Formulation 
The fuzzy flexible delivery and pickup problem with time windows (FFDPPTW) can be stated as below: 
A set of customers, each requires a delivery and/or a pickup of certain quantities within specific time window(s), 
must be served by a fleet of capacitated vehicles stationed at a distribution center (DC). The pickup demands, the 
service times, and the traveling times are uncertain. The FFDPPTW is thus to search for the most economic route 
for each vehicle with the minimum operational cost under a specific confidence level. 
For each service (either delivery or pickup) required by any customer, one vehicle will be assigned exactly once. 
If both services are required by one customer, he/she can request different or the same time windows for delivery 
pickup. 
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In a common application of the FFDPPTW to a network with recycling task, for illustration, all vehicles may 
return to a collection center (CC) to unload the recycled stuff. The infrastructure of the system can be seen in Fig. 1. 
The black and the white squares indicate the distribution center (DC) and the collection center (CC) respectively. 
The white circles and black triangles indicate linehaul and backhaul customers correspondingly. The solid arrows 
indicate the movements. A -access to a customer if he/she picks up stuff right after delivers 
goods. Therefore, we use a dot arrow to describe that the pickup service for a customer is performed right after the 
delivery service. Fig. 1 shows that there are five customers (2, 3, 6, 7, and 8) who are served delivery and pickup 
simultaneously; and the other four customers are served delivery earlier than the pickups. 
 
DC
CC
1
2
3
4 5
6
7
8
9
 
Fig. 1. The infrastructure of the delivery and pickup network 
 
The FFDPPTW has two objectives involved in the aggregated cost: minimizing the number of vehicles and 
minimizing the total traveling distance. Trade-off between these two kinds of costs is needed to be considered.  
Based on the principle of a VRP problem, one customer is visited exactly once by one vehicle for one service. A 
pseudo customer should be introduced for separating two services required by one customer. Assume there are n 
customers, each is indicated by customer i, i n. When modeling, 2n customers are generated with n new 
customer i, i n, each demanding only a delivery service, and n new customer n i, i n, each 
demanding only a pickup service. Assume there are m vehicles. The flexible delivery and pickup problem with time 
windows is then formulated into a fuzzy chance constrained programming model denoted by Model FFDPPTW as 
below where 12nk  denote the collection center (CC). 
 
Notations 
Sets 
DJ  Set of all delivery customers, }, ,...1|{ njjJ D  
PJ  Set of all pickup customers, },2 ,...1|{ nnjjJP  
J Set of all customers, },2 ,...1|{ njjJJJ PD  
0J  Set of all customers plus DC, JJ }0{0  
kJ  Set of all customers plus CC, }{kJJk  
V Set of all vehicles, },...,|{ 1 mvvvvV  
Coefficients 
vq  Capacity of vehicle v, Rvq  
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vg  Dispatching cost of vehicle v, Rvg  
ijc  Distance between nodes Rijk cjiJjJi  ,;,0  
ijt
~  Travelling time between nodes )(,0 jiJjJi k , ijt
~  is a fuzzy number 
jd  Delivery demand of customer Jj , Rjd  
jp~  Pickup demand of customer Jj , jp~  is a fuzzy number 
js~  Service time of customer Jj , js~  is a fuzzy number 
jr  Accessing time reduction if the delivery and pickup services of customer j are performed simultaneously,
DJj , Rjr  
ja  Earliest service starting time of customer RjaJj ,  
jb  Latest service starting time of the time window of customer RjbJj ,  
0a  Earliest departure time of any vehicle from DC, R0a  
kb  Latest arrival time that a vehicle must return to CC, Rkb  
*Cr   Credibility confidence level that constraints would not be violated 
M  An arbitrary large constant 
  A parameter indicating the trade-off between dispatching cost and travelling cost, ]1,0[  
Decision Variables 
xijv Travelling variable of a vehicle }1,0{, ijvxVv ; if vehicle v travels directly from node 0Ji to node
1, ijvk xJj ; otherwise 0ijvx   
Auxiliary Variables 
vL0  Load of vehicle Vv when leaving DC, RvL0  
jL
~  Remaining load of a vehicle after having served customer Jj , jL
~  is a fuzzy number 
jT
~  Time to begin service at customer Jj , jT
~  is a fuzzy number 
vT0  Departure time of vehicle Vv from DC, RvT0  
kvT
~  Arrival time of vehicle Vv to CC, kvT
~  is a fuzzy number 
Model FDPPTW  
Minimize
0
)1(
Ji Jj Vv
ijvij
Vv Jj
ojvv
k
xcxgz  (4) 
subject to 
0
1
Ji Vv
ijvx     Jj    (5) 
kJi
hjv
Ji
ihv xx
0
    VvJh ,    (6) 
Ji
ikv
Jj
jv xx0     Vv    (7) 
10
Jj
jvx     Vv    (8) 
0
0
Ji Jj
ijvjv xdL     Vv   (9) 
)1(~~ 00 jvjjvj xMpdLL     VvJj ,   (10) 
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(21) 
*}~{ CrbTCr kkv     Vv   
(22) 
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5. Preliminary Results 
Since there have not been any studies with testing problems which were dedicated to the FFDPPTW, for 
test problems (Wang and Chen [11]
VRPTW benchmarks (Solomon [22]
types (C1, C2, R1, R2, RC1, & RC2). Each data set contains between eight to twelve 100-customer problems. The 
categories of the six problem types refer to:  
 C: with clustered customers whose time windows were generated based on a known solution;  
 R: with customer locations generated uniformly randomly over a square; 
 RC: with a combination of randomly placed and clustered customers.  
where  
 Type 1 has narrow time windows and small vehicle capacity, and 
 Type 2 has large time windows and large vehicle capacity.  
[11] FDPPTW test problems, this study generates some FFDPPTW test 
problems. In each problem, the pickup demands, the service times, the traveling times are revised into triangular 
fuzzy numbers. Due to different objective functions used in the literatures, this analysis employs the trade-off 
parameter  to adjust for different decision criteria, in particular, by setting 1, to reveal the primary concern 
of minimizing the number of vehicles (NV), than the minimization of the total distance (TD). All experiments were 
executed on an Intel Core2 Quad 2.4G computer with 1G memory. 
For the crisp case of the FFDPPTW, the FDPPTW, Wang and Chen [11] generated some small-scale problems: 
three 5-customer problems, three 10-customer problems, and three 25-customer problems. In this study, these nine 
small-scale FDPPTWs are further revised to form nine small-scale FFDPPTWs. They are named as RCff05101, 
RCff05104, RCff05107, RCff10101, RCff10104, RCff10107, RCff25101, RCff25104, and RCff25107. Three 
credibility confidence levels (0.5, 0.8, and 1.0) are implemented to get different results for different types of 
decision makers.  
The results of Cplex for these test problems are listed in Tables 1. One can see that Cplex is only able to find the 
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optimal solutions of 5-node problems (RCff05101, RCff05104, RCff05107), and 10-node problem (RCff10101) 
within 1~630 seconds. For the rest of the test problems, Cplex gives for the other 
two 10-node problems, but it cannot find feasible solutions for all of three 25-node problems. When the number of 
customer nodes is up to 25, Cplex solver incorrectly shows 
 
 
Table 1. The Cplex results for the small-scale FFDPPTW with respect to different credibility levels 
 
*Cr =0.5 *Cr =0.8 *Cr =1.0 
Problem     NV TD Com. Time     NV TD Com. Time      NV TD Com. Time 
RCff05101 3  220.15 2 3  220.15 1 3  220.15 1 
RCff05104 2 214.57 630 2 219.88 420 2 223.44 262 
RCff05107 2 211.83 96 2 241.92 58 3 242.19 156 
RCff10101 3 347.38 2 3 358.19 1 4 371.90 8 
RCff10104 *2 *270.32 31072 *3 *363.21 38700 *5 *583.07 38050 
RCff10107 *3 *315.50 29812 *4 *386.04 64145 *5 *480.23 58720 
RCff25101 # # # # # # # # # 
RCff25104 # # # # # # # # # 
RCff25107 # # # # # # # # # 
*  
 #  
 
In this study, different credibility confidence levels (0.5, 0.8, and 1.0) are implemented to get different results for 
different types of decision makers. The results reveal a phenomenon: the larger the confidence level is, the larger the 
cost is. This phenomenon facilitates the decision support 
maker is an absolute risk averter, then he/she can set *Cr =1.0 to get full confidence but also get a plan with the 
highest cost; on the contrary, if the decision maker is a risk lover, he/she can set *Cr =0.8 or lower to get a plan with 
a lower cost but accompanied with a lower confidence. 
6. Conclusions 
As the reverse logistics and the closed-loop supply chain networks have been adopted by enterprises, the delivery 
and pickup problems with time windows have been drawn much attention and studied extensively recently. Since 
there are cases that the imprecision/uncertainty concerning pickup demand, traveling time, and service time must be 
taken into account, a fuzzy flexible delivery and pickup problem with time windows (FFDPPTW) is proposed in this 
paper. The problem is then formulated into a chance constrained programming (CCP) model based on the fuzzy 
credibility theory. Different credibility confidence levels can be implemented to get different results for different 
types of decision makers. One can implement this model by Cplex to get the optimal solution if the scale of the 
problem is small.  
Some test problems are generated by revising the well-
for the vehicle routing problem with time windows. Cplex software is then used to try to solve these test problems. 
The comparison between different confidence levels shows that the higher the confidence level is required, the 
larger the cost is paid. Decision makers can pick out a best suitable plan by their preferences. 
Cplex is not able to solve large scale FFDPPTW, therefore how to develop an efficient algorithm to solve large 
scale FFDPTTW is the direction of future research.  
386   Ying-Yen Chen /  Procedia Computer Science  17 ( 2013 )  379 – 386 
Acknowledgements 
       The author acknowledges the financial support from the National Science Council with project no. NSC 101-
2218-E-464 -002. 
References 
1. H.-F. Wang and H.-W. Hsu. A closed-loop logistic model with a spanning-tree based genetic algorithm. Computers and Operations 
Research, 37(2) (2010) 376-389. 
2. M.A. Ilgin and S.M. Gupta. Environmentally conscious manufacturing and product recovery (ECMPRO): A review of the state of the art. 
Journal of Environmental Management, 91 (2010) 563-591. 
3. J. Dethloff. Vehicle routing and reverse logistics: the vehicle routing Problem with simultaneous delivery and pick-up. OR Spectrum, 23 
(2001) 79-96. 
4. S.N. Parragh, H.F. Doerner and R.F. Hartl. A survey on pickup and delivery problems Part II: Transportation between pickup and 
delivery locations. Journal of Betriebswirtschaft, 58 (2008) 81-117. 
5. G.Y. Tütüncüa, C.A.C. Carreto and B.M. Baker. A visual interactive approach to classical and mixed vehicle routing problems with 
backhauls. Omega, 37 (2009) 138-154. 
6. G. Kontoravdis and J. Bard. A GRASP for the vehicle routing problem with time windows. ORSA Journal on Computing, 7 (1) (1995) 
10-23. 
7. Y. Zhong and M.H. Cole. A vehicle routing problem with backhauls and time windows: a guided local search solution. Transportation 
Research Part E, 41 (2005) 131-144. 
8. J.-F. Chen and T.-H. Wu. Vehicle routing problem with simultaneous deliveries and pickups. Journal of the Operational Research 
Society, 57 (2006) 579-587. 
9. F.A.T. Montané and R.D. Galvao. A tabu search algorithm for the vehicle routing problem with simultaneous pick-up and delivery 
service. Computers and Operations Research, 33 (3) (2006) 595-619. 
10. H.-F. Wang and Y.-Y. Chen. A genetic algorithm for the simultaneous delivery and pickup problems with time window. Computers and 
Industrial Engineering, 62 (2012) 84-95. 
11. H.-F. Wang and Y.-Y. Chen. A coevolutionary algorithm for the flexible delivery and pickup problem with time windows. International 
Journal of Production Economics, 141(1) (2013) 4-13. 
12. Y. Dong and M. Kitaoka. Two-stage model of vehicle routing problem with fuzzy demands and its ant colony system algorithm. 
Proceeding of the ninth international symposium on operations research and its applications. Dunhuang, China. (2012) 
13. H. Maekly, B. Haddadi and R. Tavakkoli-Moghadam. A fuzzy random vehicle routing problem: the case of Iran. Proceeding of the 39th 
International Conference on Computers and Industrial Engineering. Troyes, France. (2009) 
14. E. Cao and M. Lai. A hybrid differential evolution algorithm to vehicle routing problem with fuzzy demands. Journal of Computational 
and Applied Mathematics, 231 (2009) 302-310. 
15. Y. Peng and Y. Qian. A particle swarm optimization to vehicle routing problem with fuzzy demands. Journal of Convergence 
Information Technology, 5(6) (2010) 112-119. 
16. E. Cao and M. Lai. The open vehicle routing problem with fuzzy demands. Expert Systems with Applications, 37 (2010) 2405-2411. 
17. B. Liu. Uncertain theory. (4th ed.). Uncertainty Theory Laboratory. (2012) http://orsc.edu.cn/liu/ut.pdf 
18. L.A. Zadeh. Fuzzy sets as a basis for a theory of possibility. Fuzzy Sets and Systems, 1 (1978) 3-28. 
19. S. Nahmias. Fuzzy variables. Fuzzy Sets and Systems, 1 (1978) 97-110. 
20. Y.-K. Liu and B. 
Modelling, 36 (2002) 509-524. 
21. D. Dubois. Unfair coins and necessity measures: Towards a possibilistic interpretation of histograms. Fuzzy Sets and Systems, 10 (1-3) 
(1983) 15-20. 
22. M.M. Solomon. Algorithms for the vehicle routing and scheduling problems with time window constraints. Operations Research, 35 (2) 
(1987) 254-265. 
